ABSTRACT. Arctic terrestrial ecosystems subjected to anthropogenic disturbance return to their original state only slowly, if at all. Investigations of abandoned settlements on three islands in the eastern Canadian Arctic Archipelago have detected striking similarities among contemporary and ancient human settlements with regard to their effects on tundra vegetation and soils. Ordination procedures using 240 quadrats showed the plant assemblages of Thule (ca. 800 B.P.) winter dwellings on northern Devon and southern Cornwallis Islands to be floristically similar to pedestrian-trampled meadows on northeast Baffin Island last used ca. 1969. Comparisons from the literature made with other North American sites in the Low Arctic reveal similar findings. The implication is that the depauperate flora of the Arctic has a limited number of species able to respond to disturbance, and that anthropogenically disturbed patches may be extremely persistent.
INTRODUCTION
It is often noted that Arctic ecosystems do not recover readily from even minor human impact (Ives, 1970; Dunbar, 1973; Banfield, 1975; Eckhardt, 1988) , but there are few long-term data from the High Arctic to either support or refute this sensing (Hrdlicka, 1937; Lutz, 1951; Harp, 1974; McCartney, 1979; Moore and Denton, 1988; Thannheiser, 1989; Brooks and Johannes, 1990) . However, there has been little in the way of synthesis of geographically disjunct observations from arctic archaeological sites within what is acknowledged to be a region of floristic unity (Steere, 1953; Hultén and Fries, 1986; Walker et al., 1994) . Reliably dated sites of anthropogenic disturbance provide the best opportunity to test hypotheses about long-term vegetation change and its relationship to human impact.
Human activity in the High Arctic, however minimal or local, often results directly in reductions in vegetation biomass, species richness, and growth form diversity. Typically, there are concomitant and persistent changes in soil structure, thermal regime, and hydrology, particularly in mesic habitats (Kevan, 1971; Babb and Bliss, 1974; Forbes, 1992a Forbes, ,b, 1994 . The most common and widespread impacts, such as camping and trampling, are seemingly innocuous activities, yet actually have measurable effects on plants and soils (Bates, 1938; Monti and Mackintosh, 1979; Forbes, 1992b) . Researchers in temperate and tropical regions have already pointed to regional and global floristic convergence as a result of such activities, although the species involved are often of Mediterranean European provenance (Frenkel, 1972; Ellenberg, 1988) .
Data are presented on a variety of plant communities from widely disjunct sites in arctic Canada that are naturally recovering from anthropogenic impacts, and their floristic, edaphic and climatic relationships are discussed. The plant communities of archaeological sites on northern Devon and southern Cornwallis Islands are compared with those in areas of modern disturbances on northern Devon and northeastern Baffin Island.
Description of the Study Sites
The three study sites ( Fig. 1 ) all lie on coastal lowlands within the 4˚C (mean July temperature) bioclimatic zone (sensu Edlund, 1990) , with local slopes ranging from 2 -4.5˚. The sampled vascular floras of the most extensively surveyed lowlands at Truelove Lowland, Devon Island (75˚33' N, 84˚40' W) and Clyde River, Baffin Island (70˚35' N, 68˚40' W) share 82.5% of their taxa. However, the lowlands are of contrasting lithologies, and the bryophyte floras of these same sites share only 32% of their taxa. The surfaces adjacent to the sampled Thule dwellings at Truelove Lowland and Resolute Bay, Cornwallis Island (74˚41' N, 94˚57' W) consist essentially of calcareous cobbles. Interstices collect some fine aeolian sand, silt, and organic matter from the minimal plant cover.
Four Thule dwellings were sampled in July 1990 on the north shore of Truelove Lowland (Federal Government site designations and at an additional site near Resolute Bay (QeJu-2). All appear to have been winter dwellings of the structural type described by Schledermann (1976) and have been discussed from an archaeological perspective by Helmer (1991) and Schledermann and Nash (1977) . The dates of occupation are ambiguous for the Truelove Lowland sites, according to Helmer (1991) , but the most recent date estimated for human usage is 800±180 years B.P. (J.W. Helmer, pers. comm. 1992) . The period of Thule whaling culture in the Canadian Arctic generally lasted from about 1100 A.D. to the historic period. One of the Truelove Lowland dwellings sampled (QkHn-12) was recently excavated, after which its stone foundation was reconstructed (Park, 1986) (Fig. 2) .
The Thule dwellings at Resolute Bay and Truelove Lowland occur in polar semidesert vegetation types on dry, cobbly beach ridges of the kind described by Arkay (1972) and Svoboda (1977) . The stands sampled at Truelove Lowland were similar to Svoboda's semidesert, but with lesser amounts of Dryas integrifolia (vascular nomenclature follows Porsild and Cody, 1980) . Vascular cover was ca. 20% and included mainly Salix arctica, Saxifraga oppositifolia, and Carex spp., with scattered forbs. Lichen cover was generally extensive, with Lecanora epibryon and Rhizocarpon geographicum being the most abundant (lichen nomenclature follows Thomson, 1990) . Common moss genera included Bryum, Distichium, Ditrichum, Encalypta, Mnium, and Myurella (moss nomenclature follows Vitt, 1975) .
The trampling disturbances, detailed floristics, and vegetation at Clyde River are described by Forbes (1992a Forbes ( ,b, 1994 . A number of small Inuit houses situated in Sphagnumdominated, hummocky sedge meadows were dismantled and removed in 1969. The four Inuit housepads examined at Clyde were of three construction types. No. 18 had no foundation; the house was laid on 8 × 8 × 97 cm wooden blocks directly on Sphagnum meadow. Nos. 4 and 7 had a two-layered foundation: 8 cm of sand on top of 11 cm of gravel spread directly on Sphagnum meadow. The houses were laid on 8 × 8 × 97 cm wooden blocks embedded in the sand layer. No. 19 had a foundation of sand and gravel fill in a wooden frame 16 cm high laid on the beach ridge.
The residences had been occupied for six years, with the result that the soil surface beneath the houses was devoid of above-ground biomass at the time of removal. The adjoining meadows were affected by pedestrian traffic during this period but had been left to recover for some 21 years at the time of sampling (Fig. 3) . Interviews, airphoto analyses and field surveys revealed clear disturbance gradients. At the time of abandonment, bare, heavily trampled soils existed immediately adjacent to the houses. These graded to lightly trampled surfaces some 30 to 35 m distant, with naturally occurring vegetation and soils just beyond. The site has been unused since winter 1969 -70.
later transformed according to van der Maarel's (1979) 1 -9 scale prior to multivariate analyses; (2) cover of nonvascular taxa was ranked in the field as few, abundant or dominant and later transformed to presence/absence prior to multivariate analyses. Thus, bryophytes and lichens can only achieve an abundance level of 1 in the ordinations. Detailed vegetation sampling methods for contemporary disturbances on Baffin Island and Devon Island and adjoining controls are described elsewhere (Forbes, 1992a,b) . The four archaeological sites were sampled in a manner similar to the temporary Inuit housepads (ca. 1963 -69) at Clyde River on Baffin Island. Five 30 m transects (quadrats placed every six meters) were randomly placed on each housepad, emanating from a rough pentagon in the center formed by the first five samples. This distance was chosen to encompass the complete gradient from the housepad across adjoining trampled ground. Samples comprising five randomly placed 25 × 50 cm quadrats (Wein and Rencz, 1976) were situated on each dwelling, with quadrats restricted to the floors of the unexcavated dwellings and to the back wall of the reconstructed dwelling. Five controls were situated on the adjoining (1 -2 m distant), relatively undisturbed crest of the beach ridge. The paucity of structurally intact fruticose lichens on the beaches indicated occasional visits by other people.
In each quadrat vascular vegetation was sampled for composition, frequency, and cover to the nearest 1.0%. Presence/absence of nonvascular vegetation was sampled using a 10 × 10 cm quadrat nested within each 25 × 50 cm quadrat. Taxa occurring outside the 100 cm 2 quadrats but within the 1250 cm 2 quadrats were also recorded and included in the samples. Since biomass was being sampled simultaneously (Forbes, 1994) , each quadrat was turned over and both vascular and nonvascular plants were counted again. Including controls, this resulted in a total of 20 quadrats for each Thule dwelling (10 on and 10 off) and 40 quadrats for each Inuit housepad and its adjoining meadows at Clyde River.
Soil sampling on Baffin and Devon Islands took place near the peak of the growing season after a week of no precipitation. Standard procedures were used for gravimetric measuring of water and determining bulk density, and pH (Sheldrick, 1984) . The pH of mineral (and occasionally highly organic) soils was measured in the field for each quadrat, using a pH meter (Cole Parmer model 5985-80 Digi-Sense™) accurate to ± 0.05. Surface water pH was measured in disposable 50 ml paper cups. Mineral soils were thoroughly mixed with distilled water at a ratio of 1:1 several times over a period of 30 minutes. The ratio of soil to water was adjusted to 1:4 for samples with high organic content. These slurries were then allowed to stand for 30 minutes at room temperature (approx. 15˚C), after which time readings were taken with the glass electrode in the supernatant water.
Soil moisture and bulk density were measured at a depth of between 10 and 15 cm using 100 cc cores from each quadrat. After an initial 'wet' weighing, cores were air-dried at room temperature for two weeks, then oven-dried at 105˚C for 24 hours and weighed again in the field with a triple-beam balance to the nearest 0.10 ± 0.10 g. Cores were then sieved FIG. 3 . General aspect of contemporary Inuit housepad at Clyde River, Baffin Island. This site has no sand or gravel added and was abandoned in 1969. This view shows the prominence of merging clones of Alopecurus alpinus on the housepad and on adjoining heavily trampled ground. Note the high density of inflorescences visible in the foreground. In the near background, Alopecurus becomes less prominent, and a dense turf on moderately trampled ground is instead dominated by Poa arctica. Scale is given by last year's dead standing culms of Alopecurus (≈30 cm). Photo date: 15 July 1988.
METHODS
Sampling methods followed Westhoff and van der Maarel (1978) , with the following modifications: (1) vascular vegetation cover was estimated in the field to the nearest 1% and and stone content was considered to comprise the fraction >2 mm in diameter, thereby allowing correction for the weight of the stones in gravimetric water determination.
Synchronous soil temperatures from depths of 5, 10, and 15 cm in each quadrat were measured hourly during several 24-hour periods at Truelove Lowland. Data were chosen from one period (29 -30 July 1990) considered representative of 'typical' conditions at this site-overcast skies with an ambient temperature of 3.8˚C-on the basis of long-term summer climate records (J. Trask, pers. comm. 1991) . Readings were made using YSI™ Series 4000 thermistors mounted with epoxy on fiberglass rods and inserted into pre-formed holes. Measurements accurate to ± 0.1˚C were made upon equilibration, and the results from the different depths were pooled and averaged to obtain a summary value. Slope was measured using an Abney level.
The vegetation data were first classified numerically with the polythetic divisive two-way indicator species analysis TWINSPAN (Hill, 1979; Forbes, 1994) . The same raw data sets were then ordinated using detrended correspondence analysis (DCA) in the program CANOCO (ter Braak, 1991) . Because of the limited dimensions of the program regarding samples, the data were analyzed using the following data subsets: (1) undisturbed and disturbed stands were subjectively separated when analyzing all three study sites together; (2) both disturbed and undisturbed stands at Clyde River were analyzed together; (3) both disturbed and undisturbed stands at Truelove Lowland and Resolute Bay were analyzed together. Initial runs determined that rare taxa were unimportant in the classification of stands, and these were removed prior to subsequent analyses. Rare taxa were considered to be those occurring in only one sample in a given stand; most were erect solitary forbs, Equisetum spp., and lichens.
Canonical correspondence analysis (CCA) was subsequently used to explore vegetation-environment relationships with the program CANOCO (ter Braak, 1991) . Environmental variables included in the analysis were soil moisture, soil bulk density, organic mat depth, substrate pH, local slope, and soil temperature. These data were handled using the same succession of data subsets analyzed with DCA.
Preliminary analyses showed that the first axes of all ordination biplots were longer than 3.6 SD, with most being longer than 3.8 SD and some longer than 4.0 SD. On the basis of these results, it was decided to use DCA for species ordination and CCA for constrained ordination. Throughout the DCA analyses, the option for detrending by segments was used, as recommended by Økland (1990) . In interpretation of the results presented, the emphasis is on sample ordinations. Van Groenewoud (1992) cautions against the temptation to pack too much into the analysis, and he recommends restricting sampling mainly to one gradient at a time.
In my CCAs I used the Scaling option 1 in CANOCO for CCA. Scaling 1 is more appropriate when the focus is on the configuration of samples in the ordination; with Scaling 1, the distance between samples approximates the chi-square distance (ter Braak, 1990). Computational details of CCA are provided by ter Braak (1987) . In the ordination biplots, lines were drawn around the outside edge of the collective quadrat scores for each sample. This made it much easier to discern the boundaries between overlapping samples.
RESULTS

Ordination of Thule Dwellings and Adjoining Beach Ridges at Truelove Lowland and Resolute Bay
The DCA ordination of Thule dwellings and adjoining beach ridges (Fig. 4 ) reveals a strong primary gradient (eigenvalue = 0.640) and an almost complete differentiation in species composition between the extremes (estimated gradient length = 3.824; A in Table 1 ). The beach ridges of both Truelove Lowland and Resolute Bay are clustered together and are relatively similar. There is far more variation among the Thule dwellings, even among unexcavated dwellings at Truelove Lowland which are less than 15 m apart (T15on, T16on). Axis 1 corresponds to moisture, which increases from left to right in the diagram.
The number of 'active' species in the analysis (77) is twice that in Truelove Lowland's hummocky sedge-moss meadows (Forbes, 1994) , with many more ruderal plants (e.g., Alopecurus alpinus, Leptobryum pyriforme, etc.) figuring prominently on the dwellings. A complete list of species and their vegetation cover values appears in Table 2 . Some vascular plants (e.g., Carex aquatilis var. stans, Juncus biglumis) are nearly omnipresent and occur at various frequencies on both beach ridges and dwellings. These contribute to the high species richness of the latter (Forbes, 1993) . Salix arctica occurs in both of these vegetation types and in sedge-moss meadows as well and displays probably the Table 1 for summary of ordination statistics. See Table 2 for species × site summary. widest ecological amplitude of all species. The second axis is more poorly defined (eigenvalue = 0.239) and shorter (estimated length = 1.899), with much lower species turnover. Its endpoints appear to be based on the variations in relative soil moisture. Subtle differences in species composition differentiate the moist stand T15on from the only slightly more mesic stand T16on. Small amounts of Carex aquatilis var. stans, Arctagrostis latifolia ssp. latifolia, and Juncus biglumis occur only on the former, whereas the latter is characterized by a high frequency of the moss Drepanocladus uncinatus (Forbes, 1993) .
Ordination of Thule Dwellings, Contemporary Housepads, and Adjoining Trampled Ground at Truelove Lowland, Clyde River and Resolute Bay
Ordination of the combined Thule dwellings, contemporary housepads, and pedestrian-trampled stands revealed strong local and geographic affinities among the vegetation cover types. The first axis was strongly linked with disturbance intensity (eigenvalue = 0.528), increasing from left to right. The second axis (eigenvalue = 0.405) was correlated with increasing moisture. Estimated gradient lengths for the first two axes were 4.051 and 3.503, respectively, and species turnover was high in both cases (B in Table 1 ). The vegetation of the two unexcavated Thule dwellings from Truelove Lowland (stands T15on, T16on) was closest to the lightly and moderately trampled meadows from Clyde River (stands 18lgt, 18mod). Similarly, Stand 19on appeared on the far Relevé (sample stand) Number 1 TL14 off TL14 on TL15 off TL15 on TL16 off TL16 on RB off RB on CR7 on CR7 mod CR14 on CR14 mod CR18 on CR18 hvy CR18 mod CR18 lgt CR18off CR19 on CR19 hvy CR19 mod TAXON PRESENCE/SOCIABILITY Pogonatum alpinum */2 */3 */2 */3 -*/3 ---*/3 -*/3 */2 */3 */3 */3 */2 -*/4 - right (severely disturbed) end of the gradient, while Stand 18lgt occupied the far left (relatively undisturbed) end. It is notable that the trampled portions of Stands 14, 19, and especially 7, displayed relatively abundant cover of the grass Dupontia fisheri ssp. psilosantha (Table 2) , a species characteristic of wetland habitats (Porsild and Cody, 1980) . Stand 18 was more mesic by comparison, and on the moderately and heavily trampled portions the dominant grasses were A. alpinus and Poa arctica (Table 2 ). This helps to explain the relative differentiation among the trampled stands at Clyde River. Four of the most abundant ruderal plants which differ among the three sites are paired congenerics with similar life histories: two rhizomatous viviparous grasses (P. arctica and P. alpigena var. colpodea) and two prostrate matted forbs (Stellaria longipes and S. edwardsii). If not for these differences, the geographic linkages among the plant communities would be even greater.
To verify this, the four plants were treated as two generics (Poa and Stellaria spp.) and the same data set was ordinated once again (Fig. 5) . Indeed, species turnover along the second axis was reduced (C in Table 1 ) and the positions of the Thule dwellings on Devon and Cornwallis Islands reflected a closer affinity to the moderately and heavily trampled mesic meadows on Baffin Island. These changes indicate that although close floristic relationships exist among these sites, the differences are further minimized if we concentrate on the growth forms present. The recently excavated dwelling (T14on) at Truelove Lowland moves to the lower periphery of the ordination space, reflecting the six mosses which occur in no other samples (i.e., Ceratodon purpureus; Table 2 ). Many of these same ruderal mosses (e.g., Bryum argenteum, Desmatodon heimii var. arctica, Tortula ruralis) were collected on the spoil heap a few meters away.
Constrained Ordination of Thule Dwellings and Adjoining Beach Ridges at Truelove Lowland
Before CCA was run for this data subset, data from the Thule dwelling and adjoining beach ridge samples from Resolute Bay were removed because environmental data were lacking for those stands. The eigenvalue for the first axis is decreased relative to the DCA, from 0.640 to 0.550, while the value for the second axis remains almost unchanged (Table 3 ). The first axis is primarily one of moisture and pH, both of which are negatively correlated with organic mat depth (Fig. 6, Table 4 ). In observing that relative moisture is highest on the beach ridges (Table 5) , it should be noted that these values reflect the soil between the large cobbles which cover much of the surface. The substrate of the Thule dwellings, by comparison, was composed of peat, which was relatively dry when sampled late in the growing season.
The second axis has a moderate negative correlation with organic mat depth (coefficient = -0.59). Both the first axis and overall results were found to be significant at p = 0.01 using the Monte Carlo permutation test included in CANOCO. All of the stands maintained significant distances from one another in both Scaling 1 (not shown) and Scaling 2, indicating Figure 4 with the following exceptions: samples with no letter prefix = Clyde River; stands 7, 14, 18 and 19 comprise abandoned housepads and adjoining trampled hummocky sedge-moss meadows at Clyde River; trampling intensities are heavy (hvy), moderate (mod) and light (lgt). See C in Table 1 for summary of ordination statistics. 
DISCUSSION
At least three factors influence the contemporary vegetation cover at a given site of prehistoric human activity in the Arctic. First is the location of the initial and sustained impact. This is probably a nonrandom factor, since Thule peoples and modern Inuit made conscious decisions about camp location (Treude, 1977; Jacobs and Sabo, 1978; Jacobs, 1988) . Ideal sites or 'resource patches' were chosen on the basis of combinations of mesoclimate, access to wildlife, and local plant resources. Many prehistoric camps were located in protected coastal sites with well-drained beach ridges or cobble for situating tents and other dwellings. Inland camps were also not uncommon, and appear to have been more common during periods of ameliorated climatic conditions Table 4 for summary of ordination statistics. See Table 5 for summary of environmental parameters × sites. on southern Baffin Island (Jacobs, 1988) . There, meadows and heaths provided habitat for grazing animals, as well as a source of human plant foods (e.g., Empetrum nigrum ssp. hermaphroditum, Vaccinium uliginosum) and fuels (e.g.,
Cassiope tetragona).
A second suite of factors comprises the type, frequency, size, shape, and intensity or magnitude of the initial disturbance (van Andel and van den Bergh, 1987; Petraitis et al., 1989) . For example, among contemporary disturbances it has been demonstrated that denuded narrow strips (e.g., vehicle tracks) naturally revegetate more quickly than large bare patches (e.g., housepads), especially when sand or gravel is added (Forbes, 1993) . A third factor is the available flora, as determined by camp location, but subject to local and regional limitations which vary largely according to climatic, edaphic, and hydrological parameters (Steere, 1953; Edlund, 1990; Bliss and Matveyeva, 1992) . Within the directly affected and proximal flora, species' life histories are key factors in determining the nature of the short-and long-term response and whether or not recovering plant communities resemble those originally displaced. The number and type of growth forms present appear to be of particular importance (Forbes, 1992a,b) .
For example, an important clonal graminoid in this study was Alopecurus alpinus, a species absent from all of the 'undisturbed' meadows sampled (Forbes, 1994) , but frequent, even dominant, on Thule dwellings and contemporary housepads and trampled meadows. Alopecurus is common on zoogenic and cryogenic disturbances, such as bird cliffs, animal burrows, and the active margins of ice-wedge polygons, and has long been associated with arctic archaeological sites (Porsild, 1932; Polunin, 1948; Fredskild, 1961) . Alopecurus was much less prominent on Thule winter dwellings surveyed by McCartney (1979) at Silumiut, where Poa spp. were dominant among graminoids.
Even if the maturing of seed in this species is a rare event (Nosko, 1984; L.C. Bliss, pers. comm. 1991) , the persistence of viable graminoid seed in the seed bank (see McGraw et al., 1992) would help to explain the abundance of seedlings of Alopecurus, Arctagrostis latifolia ssp. latifolia and Poa arctica ssp. arctica and the rapid dominance of these and several other species on the recently excavated Thule dwelling (Fig. 2) , and the adjacent spoil heap at Truelove Lowland. The latter, which was sampled for flora but not vegetation (Table 6) , was located on a nearby rock outcrop about 1.5 m above the beach. Within three years, the entire patch of several square meters was covered with robust individuals of Saxifraga cernua and Polygonum viviparum. Only S. cernua occurred on the nearby beach ridge. Both species reproduce from rather heavy vegetative corms, bulblets, and bulbils. Such propagules probably remain viable for only one year (G.H.R. Henry, pers. comm. 1993) and they are unlikely to have dispersed up to the ledge in large numbers in such a short time. Studies of aeolian propagule transport at Truelove Lowland (Teeri and Barrett, 1975) and elsewhere (Grulke and Bliss, 1983 ) have reported mostly moss or lichen fragments and grass seeds in snow cores. Polunin (1948) , Schofield and Cody (1955) , Vitt (1975) , Vitt and Pakarinen (1977), and Nosko (1984) .
Other abundant plants on the spoil heap, such as Papaver radicatum, Cerastium alpinum, Stellaria edwardsii and S. longipes, produce lighter and regularly viable seeds, but it seems unlikely that they would have so thoroughly colonized the site in such a short time. Such an interpretation would indicate recruitment from a rich, viable seed bank present in the highly organic soils of the Thule dwelling at the time of excavation. An alternative explanation is that establishment of a few individuals of these species on the organic-and nutrient-rich substrate could have provided large numbers of viable seeds and healthy individuals over the three years since disturbance. This highlights a key difference between the study sites: whereas the Thule dwellings and excavation spoil heaps comprise substantial amounts of intentional and highly concentrated organic deposition (peat, bone, blubber, etc.) , the contemporary housepads and adjoining trampled meadows are solely the result of mechanical disturbance (i.e., compaction). Before Clyde River was abandoned, animal wastes were minimal and both they and human wastes were, by and large, deposited well away from the Inuit residences.
Stands T14on and RBon represent recently excavated and unexcavated dwellings at Truelove Lowland and Resolute Bay, respectively. In a classification analysis of this data set (Forbes, 1994) , these stands were differentiated from the previous group of moderately trampled meadows by the presence of Tortula ruralis. T. ruralis is characterized by Vitt (1975) as widespread at Truelove Lowland, most frequent in crevices and at the bases of calcareous rocks, but also common in drier meadows and often associated with Ditrichum flexicaule. Brassard (1971) reported T. ruralis to be one of the most conspicuous species around the ruins of Fort Conger on northern Ellesmere Island. More important than the differentiation based on T. ruralis is the large number of shared components from these sites, notably a moderately to very dense turf that comprised viviparous and rhizomatous graminoids, such as Poa spp. and Alopecurus alpinus.
The understory vegetation of the Thule dwellings comprised mats of the mosses Aulacomnium palustre and Drepanocladus uncinatus, with abundant Cirriphyllum cirrosum and basal rosettes of the forb Saxifraga cernua. Another notable aspect of the vegetation of these stands was the foliose lichen Peltigera aphthosa. This lichen was lacking on the beach ridges at Truelove Lowland and Resolute Bay but had colonized the recently excavated dwelling (stand T14on), where it was abundant between the flagstones of the central floor. P. aphthosa also occurred in the moderately trampled portion of a mesic meadow at Clyde River, where it had greater frequency and cover on the tops and sides of trampled hummocks than on nearby undisturbed hummocks. At Creswell Bay, Somerset Island (72˚47' N, 93˚47' W), McCartney (1978) reported the growth of P. aphthosa to be 'luxuriant' on the middens of Thule winter dwellings. On the excavated dwelling, several species of ruderal mosses were recorded which occurred in none of the other samples (Table 2 ). Yet many of these same mosses were collected on the spoil heap a few meters away and are reported for both anthropogenic and zoogenic patches at Silumiut, Northwest Territories (63˚41' N, 90˚05' W) (McCartney and Crum, 1974) . For comparative purposes, Table 6 presents species lists from various anthropogenic and natural disturbances in the eastern Canadian Arctic.
We lack comprehensive data on the contemporary plant communities of truly arctic archaeological sites. However, Fredskild (1961) made intensive phytosociological investigations of the former Native settlement of Sermermiut (69˚10' N, 51˚08' W) in western Greenland. He reported Alopecurus alpinus and Poa arctica as codominant vascular species on the walls and floors of old dwellings. The third most prominent vascular plant present was Stellaria longipes. As with both modern and ancient sites in the present study, the prominent mosses were Aulacomnium spp., Drepanocladus uncinatus, and Tortula ruralis. The graminoid swards that occupied the Greenlandic dwellings appear floristically similar to the swards described for the Thule camp at Silumiut by McCartney (1979) , although she generally reports much lower cover values for Alopecurus.
A number of retrospective studies provide strong evidence that synanthropic floras, faunas, and enriched soils have long been associated with prehistoric and historic settlements in the circumpolar North (Lutz, 1951; van der Knapp, 1985; Fredskild, 1988; Moore and Denton, 1988; Zutter, 1992; Böcher and Fredskild, 1993) . Although the soil fauna was not investigated for sites in the present study, a recent report of mechanical anthropogenic disturbance on northern Ellesmere Island reveals significant variations in the composition and reproductive mode of arthropod populations at the scale of the patch (Kevan et al., 1995) . These differences had persisted for some 13 years after the cessation of human activity. The implication is that the effects, both above and below ground, of highly local human activity may be detected long after the departure of humans.
The anthropogenic plant communities of 'Old' Clyde River have existed entirely within the known modern climatic regime for this site (Maxwell, 1981; Edlund, 1990) . In contrast, the plant cover of the Thule dwellings at Truelove Lowland and Resolute Bay may have persisted in more or less similar form for centuries. Regardless, the macroclimatic regime has certainly undergone substantial change since the human occupancy of these sites (Svoboda, 1982) . In light of these aggregate differences, the spatial and temporal floristic linkages among the sites indicate that the High Arctic exhibits an extremely limited range of responses to anthropogenic surface disturbance. These linkages may persist for decades, or even centuries.
The reasons for the persistence of these communities is not clear. However, it is well known from studies in temperate regions that invasion into dense, graminoid-dominated swards by species both within and outside the existing community is restricted by several factors. Many studies point to the absence of regeneration niches (sensu Grubb, 1977) . In closed canopies with substantial litter layers, seedlings often fail to germinate or fare poorly after germination (Reader, 1991; Ryser, 1993) . Once established, grasses can also benefit from repeated grazing by vertebrate herbivores, which appeared to have occurred at each of the study sites (Forbes, 1993) . Intense soil compaction may be another factor. The bryogeographic linkages among the communities may last regardless of strong variations in local geology and bryophyte floristics.
CONCLUSIONS
In the present study, multivariate ordinations based on complete site floristics link the plant assemblages of Thuleera dwellings to those of modern human settlements some 750 km distant. Because the three sites lie on coastal lowlands within Edlund's (1990) 4˚C bioclimatic zone, the naturally occurring vegetation types are characterized by largely similar vascular floras. Yet, differing lithologies cause the bryophyte floras which characterize these same communities to be quite different. Within a given landscape, even lowintensity human impact overrides local edaphic controls. The floristics, if not the vegetation, of anthropogenic patches are often quite similar. This may be true of patches of strikingly different origins and ages.
Data from sites of similar and differing origin and age provide clues to the extent of spatial and temporal patterns of establishment and persistence of anthropogenic plant communities. I am unaware of any previously published quantitative analyses of the plant cover of anthropogenically disturbed ground in the High Arctic that employ complete floristics. There appears to be a geography of responses to human impact within the context of floristics: the ruderal vascular floras of low arctic and subarctic prehistoric sites tend to be much richer than those of high arctic sites, particularly in truly maritime regions, and may include exotic species of temperate North American or European provenance (Porsild, 1932; Hrdlicka, 1937; Walker, 1946; Bank, 1953; Böcher and Laegaard, 1962; Pedersen, 1972) .
Overall, the plant communities on anthropogenic disturbances reported here are clearly related in terms of their species composition, cover, and frequency. The anthropogenic patches were of strikingly different age, origin and environmental context. Specifically, these differences are as follows: (1) the Thule dwellings appear not to have been occupied by humans for centuries, versus ≤21 years for the modern Inuit housepads and trampled sites; (2) the original disturbance regimes were different (repeated organic loading vs. repeated mechanical disturbance); and (3) the adjoining natural communities differ greatly (beach ridge vs. sedge-moss meadows). In spite of the wide separation in space, time, and environmental context of these anthropogenic patches, their contemporary floristics and vegetation are remarkably similar. This implies that an extremely limited number of growth forms within the arctic flora are able to colonize disturbed areas and that such patches so colonized may persist indefinitely.
